The inhibition of migration and invasion of cancer cells by graphene via the impairment of mitochondrial respiration.
Graphene and its derivatives have become important nanomaterials worldwide and have potential medical applications including in vivo diagnosis, drug delivery, and photothermal therapy of cancer. However, little is known about their effect on the metastasis of cancer cells, which is the cause of over 90% of patient deaths. In the present investigation, we provide direct evidence that low concentrations of pristine graphene and graphene oxide show no apparent influence on the viability of MDA-MB-231 human breast cancer cells, PC3 human prostate cancer cells, as well as B16F10 mouse melanoma cells. However, both pristine graphene and graphene oxide can effectively inhibit the migration and invasion of these cancer cells. Further studies indicate that exposure of cells to graphene led to the direct inhibition of the electron transfer chain complexes I, II, III and IV, most likely by disrupting electron transfer between iron-sulfur centers, which is due to its stronger ability to accept electrons compared to iron-sulfur clusters through theoretical calculations. The decreased electron transfer chain activity caused a reduction in the production of ATP and subsequent impairment of F-actin cytoskeleton assembly, which is crucial for the migration and invasion of metastatic cancer cells. The inhibition of cancer cell metastasis by graphene and graphene oxide might provide new insights into specific cancer treatment.